Introduction {#sec1_1}
============

Adiposity per se is the physiological characteristic of obese and overweight individuals, putting these subjects at risk for cardiovascular disease. The relationship between fat content and risk of cardiovascular disease is well documented \[[@B1],[@B2],[@B3],[@B4],[@B5]\].

The primary means to assess obesity in population studies is the use of BMI with the standards recommended by the WHO \[[@B6]\]. BMI is particularly inaccurate in subjects with elevated lean body mass, such as athletes, and cannot be generalized among different ethnic groups. It is likely that individuals are often misdiagnosed as having inappropriate body fat due to variation in muscle mass and that certain subjects with significant adiposity are overlooked \[[@B7],[@B8]\]. That is why BMI is known to be of limited accuracy, and its diagnostic value is different for males and females with similar body adiposity. To address this limitation, Bergman et al. \[[@B9]\] introduced an alternative index, the body adiposity index (BAI), in samples of Mexican-American and African-American populations. BAI can be measured without weighing, which may render it useful in settings where measuring accurate body weight is difficult. The BAI allows estimating adiposity and cardiovascular risk what has been confirmed in recent studies \[[@B9],[@B10],[@B11],[@B12]\]. In the study of Bergmann et al. \[[@B9]\], the BAI was developed and validated by observations of African-American subjects. The verification process of BAI has just been started in Caucasian populations \[[@B13]\]. That is why we investigated the sex-specific relationships between BMI, BAI and body fat content in young, healthy, Polish, Caucasian men and women. An attempt was made to determine which of the two indexes has a greater sensitivity and specificity for the Caucasian population.

Material and Methods {#sec1_2}
====================

684 women and 528 men aged 20-22 years with Caucasian origin only participated in the study. Participants were students of universities in southern Poland. They had no indication of cardiometabolic problems as evaluated by interview. Measurements were conducted by qualified academic staff (2 subjects) to minimize inter-observer differences. All subjects were measured for body height (BH), waist and hip circumference (WC and HC) and weight. Body composition was measured using a stand-on Bio Impedance Analyzer (Tanita BC 420SMA, Tokyo, Japan). The measurement was performed in the fasted state, in light clothing, without shoes and socks with clean feet according to a standard protocol of the manufacturer. The device samples periods of 5-second resistance values (Rx) and the reactance of their volume (Xc). These data are the basis for calculating body composition by a computer program including also age, sex and body height \[[@B14]\] and are also used to estimate % body fat.

BMI was calculated by the formula:$$\text{BMI} = \text{weight}\,(\text{kg})/\text{height}\,(\text{m}^{2})$$

BAI was calculated by the formula \[[@B14]\]:$$\text{BAI} = \frac{\text{hip}\,\text{in}\,\text{cm}}{{(\text{height}\,\text{in}\,\text{m})}^{1.5}} - 18$$

For the measurement of body height a wall-mounted stadiometer with standard scales was used. Body height was measured to the nearest centimeter. WC (cm) and HC (cm) were measured with an anthropometric tape over light clothing. WC was measured at the minimum circumference between the iliac crest and the rib cage and HC at the maximum width over the greater trochanters. Waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) were then calculated. Determination of WHR is an appropriate method of identifying subjects with abdominal fat accumulation. The WHO recommends the use of WC measurement because it correlates closely with BMI and WHR, and is an approximate index of intra-abdominal fat mass and total body fat \[[@B15]\].

Standard BMI norms, i.e. BMI \> 25 kg/m^2^, and BAI cutoffs (rates for women \>35% and for men \>22%) were used to identify obese and overweight subjects \[[@B15],[@B16]\].

The study was approved by the Bioethical Committee of the Academy of Physical Education in Katowice. All tested subjects gave their written consent for participation in the study. They were called to a separate room to take their anthropometric measurements.

Statistical analyses were performed using STATA STATISTICAL SOFTWARE (release 7; StataCorp, College Station, TX, USA). Results are presented as means ± SD for normally distributed data and as geometric means with 95% accuracy. Pearson\'s correlation coefficients were computed between BAI (or BMI) and BMI (or BAI), % body fat, fat mass, WC, HC, WHR or WHtR within each sex group. A linear regression model was used to assess a relationship between % body fat and BAI (or BMI) for both sexes. Interaction terms were entered into the model for sex-specific BAI (or BMI). The level of significance was p \< 0.05, and statistical tests were two-sided.

Results {#sec1_3}
=======

Most correlation coefficients were higher for BMI for both sexes. A significant result of the verification rates for the group by sex, included higher correlation coefficients between BMI and % body fat (r = 0.86 for women and r = 0.82 for men) than between BAI and % body fat (r = 0.52 for women and r = 0.66 for men, p \< 0.05). There was a very high inverse correlation of BAI and WHtR for women and men (both −0.97). There was a lack of correlation between BAI and WHR (table [1](#T1){ref-type="table"}).

In accordance with the recommended cutoffs, 15% of the participants were classified as overweight and obese when using the BMI values and 25.2% when using the BAI values. In case of BAI a clear discrimination of the distribution of participants classified as overweight and obese has been observed (7 times in women and 3 times in men; table [1](#T1){ref-type="table"}).

The coefficients of correlation between BAI or BMI and % body fat in obese participants according to the BAI cutoff were 0.74 (p \< 0.05) and according to the BMI cutoff 0.36 (p \< 0.05) for both sexes. In overweight and obese women, the correlation between BAI and % body fat (r = 0.72, p \< 0.05) was stronger than that between BMI and % body fat (r = 0.49, p \< 0.05). Compared with overweight and obese women, the correlation coefficient between BAI and % body fat in overweight and obese men was lower (table [1](#T1){ref-type="table"}).

A significant finding of this research in selected groups of overweight and obese subjects was the high correlation between BMI and BAI in women (r = 0.81) and men (r = 0.71; both p \< 0.05).

The classification of subjects according to WC to identify the risk of obesity showed variations depending on the applied index (BAI / BMI). Men with a WC ≥ 94 cm were obese or overweight according to their BAI cutoffs in 100%. However, according to the BMI norms, only 90.4% were classified as obese or overweight while were 9.6% were defined as having normal weight (fig. [1](#F1){ref-type="fig"}). For women this discrepancy was even more evident. Among women with a WC ≥ 80 cm, according to BAI criteria only 1.3%, were classified as obese while according to BMI criteria obesity was indicated in 19%. More women were identified as overweight by BMI than by BAI in the group with a WC ≥ 80 cm. The classification of men and women with higher fat content measured by bioimpedance analysis (\>33% for women and \>20% men) revealed the same trend.

Discussion {#sec1_4}
==========

BAI identified 100% of obese and overweight Caucasian males where obesity was defined as having a WC \> 94 cm. When bioimpedance analysis cutoffs were used instead of WC cutoffs, similar results were obtained. Both WC and bioimpedance analysis are methods known for medium to low accuracy but are still used and recommended for population-based screening. BAI is more sensitive than BMI in identifying obese and overweight (defined by a WC cutoff value \> 94 cm) Caucasian males; BMI classified 9.6% of these subjects as normal weight.

In contrast, in Caucasian females as many as 86% and 36% of obese or overweight women (as defined by a WC \> 80 cm) were identified as having normal weight by using BAI and BMI cutoffs, respectively. However, the fact that a high statistical correlation between BAI and % body fat (r = 0.7) was registered among obese and overweight women suggests that BAI is very specific. This has been confirmed by results of a Spanish Mediterranean population \[[@B13]\].

Different results of BAI in men and women were observed when the ability to discriminate subjects with higher or lower percentage of fat was considered. Considering the cutoff of 35% for women and 25% for men, it was observed that BAI overestimates obesity in men but underestimates it in women.

The results presented here suggest that BAI cutoffs created for Mexican-American and African-American individuals \[[@B9]\] are not suitable for the Caucasian population, especially for women. Changing the cutoffs in men as well as in women, as indicated previously \[[@B11],[@B12],[@B13]\], would greatly improve the sensitivity and specificity of the BAI.
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![Classification of women with waist circumference \> 80 cm and men with waist circumference \> 94 cm according to BMI norms and BAI cutoffs.](ofa-0006-0507-g01){#F1}

###### 

The mean and standard deviations (± SD) of the studied anthropometric variables of men and women and correlations of BMI and BAI

  Variables   Women (age 19.64 ± 0.7 years)   Men (age 19.4 ± 0.9 years)                                                                                                                                                                                                                                                                       
  ----------- ------------------------------- -------------------------------------- --------------------------------------- -------------------------------------- -------------------------------------- ------------- -------------------------------------- --------------------------------------- -------------------------------------- --------------------------------------
  BH          167.0 ± 6.0                     −0.06                                  −0.5[\*](#T1F1){ref-type="table-fn"}    0.02                                   0.06                                   180.3 ± 6.2   −0.1                                   −0.4[\*](#T1F1){ref-type="table-fn"}    0.02                                   −0.2[\*](#T1F1){ref-type="table-fn"}
  BM          59.4 ± 9.6                      0.9[\*](#T1F1){ref-type="table-fn"}    0.5[\*](#T1F1){ref-type="table-fn"}     0.8[\*](#T1F1){ref-type="table-fn"}    0.7[\*](#T1F1){ref-type="table-fn"}    74.7 ± 12.6   0.9[\*](#T1F1){ref-type="table-fn"}    0.5[\*](#T1F1){ref-type="table-fn"}     0.8[\*](#T1F1){ref-type="table-fn"}    0.5[\*](#T1F1){ref-type="table-fn"}
  BMI         21.3 ± 3.2                      1.0                                    0.8[\*](#T1F1){ref-type="table-fn"}     1.00                                   0.8[\*](#T1F1){ref-type="table-fn"}    22.9 ± 3.5    1.00                                   0.7[\*](#T1F1){ref-type="table-fn"}     1.0                                    0.7[\*](#T1F1){ref-type="table-fn"}
  FAT         23.6 ± 6.7                      0.8[\*](#T1F1){ref-type="table-fn"}    0.5[\*](#T1F1){ref-type="table-fn"}     0.5[\*](#T1F1){ref-type="table-fn"}    0.7[\*](#T1F1){ref-type="table-fn"}    13.9 ± 5.7    0.9[\*](#T1F1){ref-type="table-fn"}    0.7[\*](#T1F1){ref-type="table-fn"}     0.7[\*](#T1F1){ref-type="table-fn"}    0.5[\*](#T1F1){ref-type="table-fn"}
  TBW         53.7 ± 4.3                      −0.8[\*](#T1F1){ref-type="table-fn"}   −0.5[\*](#T1F1){ref-type="table-fn"}    −0.5[\*](#T1F1){ref-type="table-fn"}   −0.6[\*](#T1F1){ref-type="table-fn"}   60.8 ± 4.5    −0.8[\*](#T1F1){ref-type="table-fn"}   −0.5[\*](#T1F1){ref-type="table-fn"}    −0.6[\*](#T1F1){ref-type="table-fn"}   −0.5[\*](#T1F1){ref-type="table-fn"}
  WC          70.9 ± 7.1                      0.8[\*](#T1F1){ref-type="table-fn"}    0.6[\*](#T1F1){ref-type="table-fn"}     0.7[\*](#T1F1){ref-type="table-fn"}    0.7[\*](#T1F1){ref-type="table-fn"}    82.4 ± 9.0    0.9[\*](#T1F1){ref-type="table-fn"}    0.6[\*](#T1F1){ref-type="table-fn"}     0.8[\*](#T1F1){ref-type="table-fn"}    0.6[\*](#T1F1){ref-type="table-fn"}
  HC          95.6 ± 7.0                      0.8[\*](#T1F1){ref-type="table-fn"}    0.8[\*](#T1F1){ref-type="table-fn"}     0.7[\*](#T1F1){ref-type="table-fn"}    0.9[\*](#T1F1){ref-type="table-fn"}    98.5 ± 7.8    0.8[\*](#T1F1){ref-type="table-fn"}    0.8[\*](#T1F1){ref-type="table-fn"}     0.7[\*](#T1F1){ref-type="table-fn"}    0.7[\*](#T1F1){ref-type="table-fn"}
  WHR         0.7 ± 0.05                      0.4[\*](#T1F1){ref-type="table-fn"}    −0.02                                   0.3[\*](#T1F1){ref-type="table-fn"}    0.4                                    0.8 ± 0.06    0.4[\*](#T1F1){ref-type="table-fn"}    0.02[\*](#T1F1){ref-type="table-fn"}    0.4[\*](#T1F1){ref-type="table-fn"}    0.2[\*](#T1F1){ref-type="table-fn"}
  WHtR        1.7 ± 0.1                       −0.8[\*](#T1F1){ref-type="table-fn"}   −0.97[\*](#T1F1){ref-type="table-fn"}   −0.6[\*](#T1F1){ref-type="table-fn"}   −1.0[\*](#T1F1){ref-type="table-fn"}   1.8 ± 0.1     0.7[\*](#T1F1){ref-type="table-fn"}    −0.97[\*](#T1F1){ref-type="table-fn"}   −0.7[\*](#T1F1){ref-type="table-fn"}   −0.9[\*](#T1F1){ref-type="table-fn"}
  BAI         26.4 ± 3.6                      0.8[\*](#T1F1){ref-type="table-fn"}    1.0                                     0.6[\*](#T1F1){ref-type="table-fn"}    1.0                                    22.7 ± 3.4    −0.7[\*](#T1F1){ref-type="table-fn"}   1.0                                     0.7[\*](#T1F1){ref-type="table-fn"}    1.0

Statistically significant p \< 0.05.

BH = Body height in cm; BM = body mass in kg; BMI = body mass index in kg/m^2^; FAT = % body fat; TBW = total body water in %; WC = waist circumference in cm; HC = hip circumference in cm; WHR = waist-to-hip ratio; WHtR = waist-to-height ratio; BAI = body adiposity index in %.
